ARTIFICIAL LUNG OF MEMBRANE TYPE 



1 v . ' FIELD OF THE INVENTION 

This invention relates to an artificial lung of 
membrane type. More particularly, it relates to an 
artificial lung of membrane type which suffers from no 
•plasma leakage and has excellent antithrombotic properties. 

BACKGROUND OF THE INVENTION 
Studies have been made on artificial lungs as 
'supporting means in open-heart surgery or supporting means 
of respiration over a long period of time. Thus, there 
have been developed artificial lungs of various types. It 
is. generally needed to impart antithrombotic properties to 
these artificial lungs so as to prevent blood coagulation. 

To impart the antithrombotic properties, for example, 
US Patent No. 6,200,588 discloses a method of improving 
the antithrombotic properties by .coating the surface of a 
part of a medical instrument to be contacted with blood 
with an ionic complex derived from: a quaternary 
a lkyl ammonium salt having from 24 to 32 carbon atoms in 
total; and heparin or a heparin derivative. However, if 
the method disclosed therein is applied to. the production 
of an artificial lung, there arises a problem that the 



artificial Xung thus obtained frequently suffers from 
thrombus formation when used for a long time. 

•It is generally required that artificial lungs have 
characteristics such as not undergoing so-called wet lung 
{i.e., a phenomenon wherein vapor condenses and spreads 
out over the membrane surface in the side to be contacted 
with blood, thereby lessening the gas exchange area) and 
not hematologically activating complements. However, 
polyurethane, polyvinyl chloride and polycarbonate 
disclosed by USP 6,200,588 as medical instrument bases are 
insufficient in the above-described characteristics . Thus, 
the medical instruments disclosed by USP 6/200,588 are 
insufficient in the above-described characteristics as 
artificial lungs. 

SUMMARY OF THE INVENTION 
Accordingly, an object of the invention is to 

.provide an artificial lung which suffers from no thrombus 

formation when used for a long time. 

Another object of the invention is to provide an 

artif xcial lung which scarcely undergoes wet lung and is 

highly biocompatible {for example, scarcely activating 

complements hematologically) . 

Other objects and effects of the present invention 

will become apparent from the following description. 



The inventors conducted extensive studies to achieve 
... the - above-described objects and consequently found out 
that antithrombotic properties can be improved by coating 
the surface of an artificial lung with an ionic complex 
derived from: two kinds of, quaternary aliphatic 
# alkylammonium. salts, which differ from each other in alkyl 
chain length; and heparin or a heparin derivative. 

The inventors further found out that the wet lung 
phenomenon and the hematological activation of complements 
can £e . inhibited by using, as the_ membrane of ah 
artificial lung, a hollow fiber membrane which is made of 
poly-4-methylpentene-l and has an oxygen permeation rate 
Q(0 2 ) at 25°C of from 1 x 10' 6 to 3 x 10" 3 
(cm 3 (STP)/cm 2 sec-cmHg) and an ethanol flux of from 0.1 to 
100 ml/roin-m 2 . 

The invention has been completed based on these 
technical findings. That is, the invention provides the 
following membrane artificial lung. 

1) A membrane artificial lung for performing gas 
exchange between blood and a gas via the membrane by 
flowing the blood in one side of the membrane and flowing 
oxygen or an oxygen-containing gas in the other side of 
the membrane, 

wherein said membrane comprises a hollow fiber 
membrane, said hollow fiber membrane comprising poly-4- 



methylpentene-1 and having an oxygen permeation rate Q(0 2 ) 
at 25°C of from 1 x 10"* to 3 x io- (crn^ (STP) /c^sec-cmHg) 
and an ethanol flux of from 0.1 to 100 ml/min'm 2 , 

wherein said membrane has, in the side of the blood 
flow, a surface comprising an ionic complex derived from: 
quaternary aliphatic alkylammonium salts; and 
heparin or a heparin derivative, and 
wherein said quaternary alkylammonium salts comprise 
a quaternary aliphatic alkylammonium salt having from 22 
to 26 carbon atoms in total arid a quaternary aliphatic 
alkylammonium salt having from 37 to 40 carbon atoms in 
total. 

2) The membrane artificial lung according to item 1) 
above, wherein said quaternary alkylammonium: salt 
comprises from 5 to 35% by weight of a quaternary 
aliphatic alkylammonium salt having from 22 to 26 carbon 
atoms in total and from 65 to 95% by weight of a 
quaternary aliphatic alkylammonium salt having from 37 to 
40 carbon atoms in total. 

3) The membrane artificial lung according to item 1) 
or 2) above, wherein said quaternary aliphatic 
alkylammonium salt comprise a dimethyldidodecylammonium 
salt and a dimethyldioctadecyiammonium salt. 



DETAILED DESCRIPTION OF THE INVENTION 



The membrane to be used in the artificial lung of 
membrane type .. according to the invention is made of poly- 
4-methylpentene-l. This membrane has an oxygen permeation 
rate Q{0 2 ) ranging from 1 x io' 6 to 3 x io~ 3 
fcm 3 (STP)/cm 2 -sec-crnHg), preferably from 1 x 1CT 5 to 3 x 1CT 3 
' (cm 3 (STP)/cm 2 sec-cmHg) and still preferably from 5 x 10' 4 
to 2 x 10- 3 (cm 3 (STP)/cm 2 - S ec'cmHg) (the oxygen permeation 
rate is measured in accordance with ASTM D1434) . 

In case where the oxygen permeation rate is less 
[than the •lower limit as defined above, the artificial lung 
is clinically unusable because of the insufficient 
capability of eliminating carbon dioxide. In case where 
the oxygen permeation rate exceeds the upper limit as 
defined above, the artificial lung is unusable because of 
the serious plasma leakage. Since the carbon dioxide 
permeation rate of the membrane to be used in the 
invention is almost comparable qr higher than the oxygen 
permeation rate, the membrane having such oxygen 
permeation rate as defined above has a sufficient 
capability of eliminating carbon dioxide from the blood. 
/As a matter of course, a higher oxygen permeation rate is 
the more favorable from the viewpoint of the gas exchange 
performance. The oxygen permeation rate can be elevated 
by, for example, selecting a material having a large 
oxygen permeation rate coefficient, elevating the porosity. 



. or reducing the substantial membrane thickness through 
which a gas permeates with the dissolution/diffusion 
mechanism of the polymer in the membrane material. 
However it is unfavorable that the oxygen permeation rate 
ex-ceeds the upper limit as defined* above, since the pore 
size and porosity of the membrane are considerably 
enlarged and thus plasma leakage frequently arises in case 
where the pores are in the open-cell structure. 

In the hollow fiber' membrane to be used in the 
artificial lung of the invention, the ethanol flux is 
employed as an indication of the plasma leakage from the 
membrane. In case where the membrane has pores in the 
open-cell structure, ethanol enters therein and permeates 
through the membrane as a liquid. At a larger ethanol 
flux, plasma leakage arises the more frequently, The 
hollow fiber membrane to be used in the artificial lung of 
the invention preferably has" an ethanol flux of 100 
rol/(min-m 2 ) or less, still preferably 60 ml/(min'm 2 ) or 
less and particularly preferably 10 na/(min'm 2 V or less. 
It is unfavorable that the, ethanol flux exceeds the above- 
described level, since the membrane suffers from serious 
Plasma leakage in this case. It is also unfavorable that 
the ethanol flux is less than/6. 1 ml/tituW), since the 
■ gas exchange efficiency of. the membrane is worsened in 



this case. Thus, it is preferable that the ethanol flux 
is at least 0.1 ml/ {miirrn 2 ) . 

?. Tt iS als ° P ref « ra *>le that the membrane made of 
poly-4-methylpentene-l to be used in the artificial lung 
according to the invention has a melt index (Mi) (as 
defined in accordance with ASTM D1238) of from 5 to 50 
(g/10 min), still preferably from 20 to 32 (g/10 min) . 
In ca^e where the MFR is less than 5 (g/10 min) , the 
membrane has only an insufficient strength, m case where 
the MI exceeds 50 <g/lO min), it is impossible to produce 
a .uniform membrane. That is to say/ membranes having Mis 
higher than the upper limit' or less than the lower limit 
each as defined above are unusable because of the poor 
structural stability. ; 
. . The poly-4-me.thylpentene-l constituting the membrane 
to be used in the invention is characterized by being a 
material with large permeation coefficients with respect 
to oxygen and carbon dioxide, being highly compatible with 
blood, allowing to^easily control the pore size 
arbitrarily, allowing the formation of a membrane by the 
melt method free from any fear of residual solvents, 
enabling the formation of a thin membrane owing to the 
high mechanical strength "and thus allowing the 
construction of a compact apparatus, being contaminated 
with little harmful impurities, being easily handled 



because of having no water absorption property, being 
easily sterilized because of having high chemical 
resistance, and being less expensive. 

••Because of having the smallest surface energy among 
polyolefin polymers, furthermore, poly-4-methyl P entene-l 
scarcely undergoes so-called wet lung (i.e,, a phenomenon 
wherein vapor condenses, and spreads out over the membrane 
surface in the side to be contacted with blood, thereby 
lessening the gas exchange area) and hardly activates 
complements hematological^, which makes it particularly 
suitable as a material of 'artificial lungs of membrane 
type usable over a long time. 

The material comprising poly-4-methylpentene-l to be 
used in the invention may contain other components, so 
• long as, it has p61y r %-raet&yipen|ene-l as the main 
component. For example, it may contain cros slinking 
agents, antibacterial agents and the like or it may be 
blended with other polymers. 

The membrane to be used in the artificial lung of 
membrane type according to the invention has fine pores 
(voids) within the membrane. Now, the pore structure will 
be, illustrated in detail. Pores with a relatively large 
- size, are provided in o^e - side' of the membrane (i.e. , the 
outer or inner surface of the hollow fiber membrane). On 



the other hand, the other side of the membrane has, for 
example, the following structure (1), (2) or (3). 

-"r.: .(1) No pore is : opened, or pores provided with a very 
fine layer of blocking plasma leakage are formed. 

(2) Pores having a relatively large size are formed 
within the membrane .but these pores are not opened on both 
of the duter and inner surfaces of the membrane, or pores 
provided with a very fine layer of blocking plasma leakage 



are formed. 



. • (3) No pore is opened on .both of the outer and inner 
surfaces of the membrane, or pores are not bored through 
the membrane but ended halfway, or pores provided with a 
very fine layer of blocking plasma leakage are formed. 

.. In practice, thW : structures (1) to (3) are mixed 
together in many cases. Due to the above-described 
structure, the membrane to be used in the artificial lung 
of membrane type according to the invention has irregular 
pore. sizes. The pore s'ize'and the pore size distribution 
in the membrane are not particularly restricted, so long 
as they are controlled so as to achieve the oxygen 
permeation rate and ethanol flux as defined' above. Among 
all, it is preferable that the pore size ranges from 0^005 
to 10 um, still preferably from 0.03 to 1 um. A part 
wherein pores are not bored through the membrane and a 
part wherein pores provided with a very fine layer of 



blocking plasma leakage are formed may be obtained by 
employing the melt molding method disclosed by JP-B-7- 
12134 or -the heat-induced phase separation method' 
disclosed by JP-A-62-106770 (the term "JP-B" as used 
herein means an "examined Japanese patent publication", 
while the term "JP-A" as 'used herein means an -unexamined 
published Japanese patent application"). Alternatively, 
use may be also made of means of forming a thin film on a 
membrane of the open-cell structure by coating, etc. as 
disclosed by JP-K-6Z^43T3; jp-A-6d-249968 and JP-A-61- " 
31164. ' " • 

The artificial lung of membrane type according to 
the invention is characterized in that a hollow. fiber 
membrane having charactefistife permeation properties is 
used as a gas exchange membrane "of the artificial lung. 
Although it may- have an arbitrary structure of external 
perfusion type, internal perfusion type, etc., it is 
favorable to employ the external perfusion structure from 
the viewpoints of achieving high gas exchange efficiency 
and minimizing blood damage. An artificial lung of the 
external perfusion type may be constructed by, for example, 
forming a cord-fabric £heet V of the hollow fiber membrane 
and integrating it into the artificial lung to thereby 
prevent blood channeling (i.e., short-pass of blood 
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without gas exchange) . Thus, improved membrane 
performance' can be established. 

In case of using in internal perfusion/ the 
artificial lung of membrane type according to the 
invention may. be in the form of^for example, a cylinder 
which comprises a hollow fiber membrane having a total 
area of the hollow fiber inside of from 0.1 to 7 m* and 
containing from 1,000 to 100,000 hollow fiber yarns- and 
has a gas exchange area of. about 25 cm or less in outer 
diameter and 30 cm or less in height. 

In case of using in exterhai perfusion, on the other 
hand, the artificial lung of membrane type according to 
the invention may be in £he form of, for example, a 
cylinder or a rectangular parallelepiped which comprises a 
hollow fiber membrane having a total area of the hollow 
fiber .outside of from 0.1 to 3.5 m 2 and containing from 
l„00O to 60,00.0 hallow fiber yarni and has a gas exchange 
area of about 20 cm. or less in outer diameter and 30 cm or 
less in height (in case of a cylinder) or 20 cm or less in 
each edge (in case- of a rectangular parallelepiped). 

It is preferable that the membrane to be used in the 
artificial lung of membrane type according to the 
invention is in the form of a cord fabric-type sheet of 
hollow fiber. As such a .cord fabric-type sheet, use can 
be made of, for example, a sheet obtained by weaving the 



warp vertical!/. t<j the holl^ fibfer, or weaving 'the hollow 
fiber with the use of a pressure-sensitive adhesive tape, 
or bonding the hollow fiber with the use of a thread 
carrying an adhesive, though the invention is not 
. restricted thereto. ' ■/ \. :■ = 

It is generally adequate to produce the membrane to 
be used in the artificial lung of membrane type according 
to the invention by the melt method, the dry method or the 
dry-wet method, though the invention is not restricted 
thereto. Among all, it is particularly adequate to employ 
the melt method from the viewpoints of the membrane 
performance and productivity. Namely, the membrane can be 
produced by the metnods disclosed by JP-A-59-196706, JP-ft- 
59-229320,- JP-A-61-101206, ^-^-61-101227 and the like. 
To impart to the hollow fiber membrane favorable abilities 
to supply oxygen to the b^ood, to prevent plasma leakage 
and' to withstand utilization over a long time without 
causing any deterioration in the performance, it is 
preferable that the production by the melt molding method 
is carried but under the following conditions. 

Namely, the production is^ effected while controlling 
the melting temperature to from {Tm + 15) to (Tm + 65) °C 
(wherein Tm stands for the melting point of the polymer 
crystal), the. draw, ration DRK-^n the amorphous drawing to 
from 1.0 to 1.1, the heating temperature to from (Tm - 35) 
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to (Tm - 10) -c, the heating time to from 2 to 30- seconds, 
the DR to from 1.0 to 1.2, 'the DR in the cold drawing to 
from 1.1 to 1.6, and the DR in the hot drawing to from 1.3 
to 2.0. By controlling these factors in respective steps 
each within the range as defined above, the oxygen 
permeation rate, porosity, blocking layer thickness, etc. 
can be arbitrarily designed to satisfy the requirements 
for the use as an artificial lung. 

It is also, possible to produce a porous membrane 
having a smooth blocking layer at least in one side of the 
hollow fiber membrane by extrusion-molding a molten 
polyolefin polymer, which has Jan ultimate degree of " 
crystallization of 20%* or more, into hollow*' fiber, then 
subjecting the fiber to orientation drawing and heating if 
needed, and then to cold drawing and heat fixation. 
Si^nce a membrane produced -by this method has pores which 
are longer in the* vertical direction to the membrane 
surface due to the formation mechanism, it is 
characterized by showing a sufficiently high oxygen 
permeation rate, .and substantially no alcohol-permeability 
at a relatively low porosity, having an excellent 
mechanical strength, allowing considerable reduction in 
membrane thickness, being free from the elution of any 
toxic matters, because of u # sin§ no .Solvent, achieving- a 
high productivity and thus enabling the membrane 



production at a much lower cost compared with complex 
membranes , etc. 

The material to be used in the invention for. 
..imparting antithrombotic properties to-the surface over a 
long time has the following constitution. 

As a coating, use is made of a blood-compatible 
composition containing an ionic complex derived from 
'aliphatic alky iammonium salts having 4 aliphatic alkyl 
groups attached thereto and heparin or a heparin 
derivative. In this blood-compatible composition, the 
above-de scribed. ammonium salts comprise from 5 to 65% by 
weight, based on ttfe total ammonium' 1 salts, of an ammonium 
salt having from 22 to 26 carbon atoms, in total, in the 4 
aliphatic alkyl groups. 

. As, the ammonium- salt having from 22 to 26 carbon 
•'atoms in total in the alkyl groups, 
dialkyldimethylammonium salts are preferable . Examples of 
the ammonium salt having from 22 to 26 carbon atoms in 
total in the- alkyl groups ■ include,. didecyldimethylammonium 
salts and dimethyldidodecylammonium salts . Among all, 
dimethyldidqdecylammonium salts such as 
dimethyldidodecylammonium chloride and 
dimethyldidodecylammonium bromide are particularly 
preferable. 



The content of the ammonium salt having from 37 to 
40 carbon atom3 in total in the alkyl groups is preferably 
from 35 to .95% by. wei^t ; base/d on the total weight of the 
ammonium salts. If the content is lower than the above 
range, sufficient durability cannot be attained. On the 
other hand, if the content is higher than the above range, 
the hydrophobicity i;s 'excessively ■ enhanced so that 
sufficient antithrombogenicity cannot be attained. 

As the ammonium salt having from 37 to 40 carbon 
atoms in total in the alkyl groups, trialkylmethylammonium 

• sa;ts, dialkyldiniethylainmonium salts and /■ . 

dialkyldiethylammonium salts are preferable. Examples of 
the trialkylmethylammonium salts include 

.tridodecylmethylammonium salts. ^.Examples of the 

di a Ikyldimethyl ammonium salts include 

dimethyldioctadecylammonium salts . Examples of the 

dialkyldiethylammonium salts include 

diethyldioctadecyanationium salts. . Among all, 

dimethyldioctadecylammonium salts such as 

dimethyldioctadecyiammonium chloride and 

dimethyldioctadecylammonium bromide are particularly 

preferable. 

In the artificial lung of membrane type according to 
the invention, an ionic complex of heparin with ammonium 
salts wherein plural ammonium salts differing from each 



other in the total carbon atom number in the four alkyl 
groups are used together .with heparin. Thus, the most 
'adequate, antithrombotic properties, which cannot be 
obtained by using an ionic complex of an ammonium salt of 
a single structure with heparin, can be imparted. 
■ Parti cularly, . ths ^re&enjt i^ntioj is based on- the 
•firid'ing,that the use^.of a 'highly hydrophobic, ammonium salt 
having a total carbon number of from 37 to 40 makes it 
possible to attain high affinity with respect to the 
hollow fiber made of ^lV^-iHethylpentene-1, thereby 
providing optimum performances ; 

Examples of the heparin derivative include heparin 
sodium, heparin potassium, heparin lithium, heparin 
calcium, low-raolecuarax weight heparin and epoxidized 
heparin. * -**".: 

The surface of the hollow fiber membrane 
constituting the artificial lung of membrane type 
according to the- invention- '^a*y t be treated by, for Example, 
the following method. 

The ionic complex of the above-described mixture of 
ammonium salts each having 4 aliphatic groups attached 
thereto with heparin is mixel*. by Stirring in a solvent to 
give a precipitate. Then this precipitate is collected 
and washed to thereby eliminate the unreacted heparin and 
organic cation compounds. Thus an- -ionic complex of 
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heparin-ammonium salts each having 4 aliphatic groups 
attached. thereto is- ^ir^d.. Next, this ionic; complex of 
heparin-ainmoni-um s'alts each-having 4 aliphatic .groups 
attached thereto is dissolved in an organic solvent to 
give. a coating agent comprising the ionic complex of 
heparin-organie .pjttlon gnd ..the organic solvent. 
Subsequently, this coating, agent is brought into contact 
with the surface of the above-described hollow fiber 
membrane and then the organic solvent is eliminated. Thus 
■an optimized antithrombotic surface can be formfed/pn the 
surface of the hollow fiber membrane. 

The coating agent comprising the ionic complex of 
heparin-ammonium salts each having 4 aliphatic groups 
attached thereto with 'the organic solvent is* not* - 
restricted in concentration, so long as a film of the 
ionic complex of heparin-ammonium salts each having 4 
aliphatic groups attached thereto can be formed on the 
surface of the above ^described hollow fiber membrane. , In 
usual, the concentration ranges from 0.01 to 5% by weight. 
From the viewpoint of forming a uniform coating film on 
the surface of th£..hoUow> fiber .membrane, it is favorable 
that the -concentration falls within the range of from' 0.05 
to 1.0% by. weight. 

As the organic solvent (I) in which the ionic 
complex of. heparin^mmdni^m , salts %ach having 4 aliphatic 



groups attached thereto is to be dissolved, use may be 
mide. of, for example, n- -hexane, oyclohexane, • 
tetrahydrofuran (hereinafter referred to simply as THF) , 
1,4-dioxane, cyclohexanone, N, N-diiaethylf ormamide, N,N- 
dimethylacetamide or N-methylpyrrolidone. 

In add iti.6n to theiozganic*- solvents as described 
above, it is preferable that the organic solvent to be 
used in the coating agent ccroprising the ionic complex of 
heparin-ananonium salts each having 4 aliphatic groups 
attached thereto -and therVr^tnic solvent can minimize the 
damage on the artificial lung membrane (i.e., the base), 
the casing and the potting part for sealing the membrane. 
Examples of sxfch ah organic solv.ent (ll) include methanol, 
et hanol , isop^opyl t^alcohol and n-propyl alcohol . 

Among the solvents as cited above, it is 
particularly preferable, from the viewpoint of not 
affecting the. gas permeability of j?6ly~4-methylpentene-l, 
to use a solvent- mixture of ethanol with methanol, THF or 
cyclohexanone. it is still preferable to use a solvent 
mixture of ethanol with THF from the viewpoint of the 
safety of the solvent, - - V. 

The organic solvent (I) as described above may be 
used either alone or as a mixture thereof. Similarly, the 
above-described organic solvent (II) may be used either,, 
alone- or -as^^Lxture -thereof.- •"'•*• 
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The ionic comply ,©f. hepari^rammonium salts each ' ' 
having 4 aliphatic groups attached thereto may be 
contacted with the surface of the hollow fiber membrane by 
any other methods without restriction. For example, use 
can be made therefoa.of the immersion method, the spraying 
method, the brushing method or a method which comprises 
preliminarily dissolving an ammonium salt mixture in an 
adequate solvent, bringing into contact with the surface 
of a medical instrument, eliminating the organic* solvent 
by drying, and then bringing into contact with an aqueous 
heparin solution to thereby form an ionic complex of 
heparin-ammonium salts each having, -4 "aliphatic groups 
attached thereto on: the surface of the hollow fiber '*• 
membrane . 

• EXAMPLES* V;. i' 
The present invention will be illustrated in greater 
detail with reference to the following Examples, but the 
invention should not be construed as being limited thereto . 
In. the following . i^^l^^}:|^th«^^rts v, ' are given by. - 
weight unless otherwise indicated. 



SYNTHESIS EXAMPLE 1 
6 parts of 'di-dode^yldimethyla^|nium bromide'" 
(manufactured by Tokyo Kasei Kogyo) and 14 parts of 



diihethyldioctadecyla^onium brbm/de Cmanuf actured by ' . \ 
Polyscience, Inc.) were dissolved in 100 parts of methanol. 
To a solution of 10 parts of heparin dissolved in 100 
parts of deionized water^ th^methandl solution containing 
.. the; ammonium salts dissolved th^ein was dropped 'ender ' 
stirring. Immediately after the dropping, a white 
precipitate was formed. After the completion of the 
dropping, the white precipitate -va^, separated by 
filtration. After eliminating the urireacted heparin and 
ammonium salts from the precipitate by repeatedly washing 
with a solvent mixture of water and methanol several times/ 
the residue wa^ freeze-dried to gi^e a white powder of a * 
complex of heparin with the. ammonium salts. This white 
powder was dissolved in a solvent mixture of ethanol and 
THF (80/20) to give a concentration of 0.1%. Thus, a 
solution (I) of -th € /opmp4ex <o£ M&^kn with the above- 

' * - *V 

described >mmonium salts' (hereinafter referred to as 
"solution (I)") was obtained. 

SYNTHESIS EXAMPLE 2 
6 parts of didodecyldimethylammoniura bromide 
(manufactured by Tokyo Kasei Kogyo) and 20 parts of 
diethyldioctadecylammonium bromide ^manuf actured by Tokyo 
Kasei Kogyo) wet*, dissolved in l5o^a"rts of methanol. To 
a solution of 10 parts of heparin dissolved in 100 parts 



of deionized w*te*r, the methanol solution containing the 
ammonium salts dissolved therein was dropped under 
stirring. Then a white powder of an ionic complex of 
heparin with the _ammonium salts. Was . obtained in ttie'same 
manner as in Synthesis Example 1.' This white powder was 
dissolved in a solvent mixture of ethanol and THF (80/20) 
to give a concentration of 0.1%. Thus, a solution (II) of 
the complex of ' hepar% with t^- aoove-describBd ammonium 
salts (hereinafter referred to as ^solution (II)"} was 
obtained. 



- • ■' ■. SYNTHESJS^XAKLPEE 3 

6 P art s of didecyldimethyiamm'onium chloride 
(manufactured by Tokyo Kasei Kogyo) and 14 parts of 
tridecylraethylarompnium chloride (manufactured by ALDRICK) 
were dissolved in 100 partss oiff methanol. To absolution of 
10 parts of heparin dissolved in 100 parts of deionized 
water, the methanol solution containing the ammonium salts 
dissolved therein was -dropped unde-r ^stirring.. Then a 
'•white powder of an* ionic complex of -heparin with, the 
ammonium salts was obtained in the same manner as in 
Synthesis Example 1. This white powder was dissolved in a 
solvent mixture of ethanol and THF (80/20) to give a 
concentration of 0il%. Thus, absolution (III) of the 



complex of heparin with the 'above-described ammonium' salts 
(hereinafter referred to as -solution (III)-) was obtained. 

••. ;■ • •• SYNTHESIS' EXAMPLE 4 

6 parts of didodecyldimethylammonium bromide 
(manufactured by Tokyo Kasei Kogyo) arid 13 parts of 
dihexadecyldimethylammonium bromide^ (manufactured by Tokyo 
Kasei Kogyo) were - dissolved £h 100 parts of n£ethanol. To 
a solution of 10 parts of heparin dissolved In 106 parts 
of deionized water, the methanol solution containing the 
ammonium salts dissolved therein was dropped under, 
stirring . ,.Then ': a*- whit* 'powder of aV ionic complex of 
heparin with the ammonium salts was obtained in the same 
manner as in Synthesis Example 1. This white powder was 
dissolved in a solvent mixture of ethanol and THF (80/20) - 
to give a concentration of 0;1%. Thus, a solution (IV) of 
the complex of heparin with the above-described ammonium 
salts (hereinafter referred to as ^solution (IV)") was 
obtained. . ^ . 

SYNTHESIS EXAMPLE 5 
6 parts of didodecyldimethylammonium bromide 
(manufactured^ Tokyo Ksisei.^Kogyo)" and 19 parts £f 
ditetradecyldimethylammonium bromide (manufactured by 
Tokyo Kasei Kogyo) were dissolved in 100 parts of methanol. 



To a solution of 23 parts of heparin dissolved in 100 
parts of deionized water, the methanol solution containing 
the ammonium salts dissolved therein was dropped under 
stirring. Then a white powder of an ionic complex of 
heparin with the ammonium salts was obtained in the same 
manner as in Synthesis Example 1. This white powder was 
dissolved in a solvent mixture of ethanol and THF (80/20) 
to give a concentration of 0. 1%. Thus, a solution (V) of 
the complex of heparin -with the above-described ammonium 
salts (hereinafter referred to as ^solution {Vj") was 
obtained. 



SYNTHESIS EXAMPLE € 
17 parts of didodecyldimethylammonium bromide 
(manufactured by Tokyo Kasei Kogyo) , 58 parts of 
ditetradecyldimethylammonium bromide (manufactured by 
Tokyo Kasei Kogyo) , and 60 parts of 

dihexadecyldimethylammonium bromide (manufactured by Tokyo 
Kasei Kogyo) were dissolved in 250 parts of methanol. To 
a solution of 50 parts of heparin dissolved in 180 parts 
of deionized water, the methanol solution containing the 
ammonium salts dissolved therein was dropped under 
stirring. Then a white powder of an ionic complex of 
heparin with the ammonium salts was obtained in the same 
manner as in Synthesis Example 1. This white powder was 
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dissolved, in a solvent mixture of ethanol and THP { 80/20) 
to give a concentration of 0.1%. Thus, a solution (VI J of 
the complex of heparin with the above-described .ammonium 
salts (hereinafter referred to as ^solution (VI)") was 
obtained. '' 



PRODUCTION EXAMPLE 1 
Poly-4-methylpentene-l having a melt index 
{determined according to ASTM D1238) of 26 was melt-spun 
by using a torus nozzle (diameter: 6 mm) for hollow fiber 
at a spinning temperature of 290*C, at a taking-off speed , 
of 100 m/min, and at a draft {the winding/extrusion speed 
ratio) of 270 to thereby give hollow fiber of 275 jam in 
outer diameter and 34 {M in membrane thickness. In this 
step, the hollow fiber located from 3 to 35 cm under the 
nozzle port was cooled with an air stream at a temperature 
of 25°C at a flow rate of 1.5 m/sec. The hollow fiber thus 
obtained was continuously drawn in the amorphous state at 
a temperature of 35°C at a draw ratio (DR) of 1.05 with 
the use of a roller system. Subsequently, it was heat- 
treated by introducing into a hot air-circulation type 
thermostat at 200°C at a DR of 1.3 and pooling therein for 
5 seconds. Next, it was subjected to cold drawing {35°C, 
DR 1.2), hot drawing {150°C, DR 1.2) and heat fixation 



<200*C, OR 0.9) to thereby give a hollow fiber membrane of 
255 urn in outer, diameter y*Sd -2 7^um. in ^membrane. " ' 

Then, an artificial lung of membrane type 
(hereinafter referred to as the artificial lung A e > having 
a membrane area of 0.8 m 2 was constructed by using this 
hollow fiber membrane. "Ph^ gas perraeat ion rates of the 
hollow fiber part of this artificial lung of membrane type 
ho determined in accordance with the pressure method as 
defined in ASTM Dl 4 34 were as follows: Q (0 2 ) = 6 x IQ~ 4 
cm 3 {STP> / (cm 2 *sec";cmHg> , Q (COj) == v ' 5 .'5 x 10"" 4> 
cm 3 (STP) / (cm 2 'seccroHg) . 

In the hollow part side of the above-described 
artificial lung Ao (effective membrane area: 0.8 m z ) , a 70% 
aqueous solution «o£; ethanol for moistening 'the membrane 
was flowed at a rate pf 200 cm?/min to give an 
intermembrane pressure difference of 0.5 kgf/cm 2 . The 70% 
e thanol flux thus determined was 7.5 ml/ (minm 2 ) . To 
examine the possibility of plasma leakage from the 
membrane, the blood contact side (i.e., the outer side of 
hollow fiber) of the membrane was perfused with 
physiological saline' i3TCf containing 1 5% \p£ albumin' and" 
0.1S% of phospholipids and the albumin thus eluted was 
determined. As a result, not more than 10 mg/dl of 
albumin was leaked after perfusing at a flow rate of 2 
L/mm/m 2 under a perfusion" pressure. ofV 500 mmHg for 6 
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hours while maintaining the solution at a temperature of 
37°C. The albumin, leakage was determined by binding- a dye 
to the leaked albumin (the pyrogallol red-molybdenum 
complex color development method) with the use of an 
albumin assay '.kit,. (Micro TP Test -Wako™ manufactured by . 
. Wako Pure Chemical Industries) . " V 

PRODUCTION EXAMPLE 2 
Poly-4-methylpentene-l having|^-nielt index % ' 
{determined according to ASTtfl D123&J df 26 was melt-spun 
by using a torus nozzle (diameter: 6 mm) for hollow fiber 
at a spinning temperature of 290°C, at a taking-off speed 
of 60 m/min, and at a draft of 270 to thereby give hollow 
fiber of 275 urn in outer diameter and 34 urn in membrane 
thickness. In this step, the hollow fiber located from 3 
to 35 cm under the no2zle port was cooled with an air 
stream at a temperature of 25^ at af fitow rate" of . 0.5 
m/sec. The hollow fiber thus obtained was continuously 
drawn in the amorphous state at a temperature of 35*c at a 
draw ratio (DRJ of 1.05 with the use of a roller system. 
Subsequently, it. was^ heat^-eate*} ,b$ ;i^troducinf .^into a * 
hot air-circulation type thermostat at 200°C at a DR of 
1.03 and pooling therein for 5 seconds. Next, .it was 
subjected to cold drawing (35*0, DR 1.3), hot drawing 
(150°C, DR 1.4) and £sat Sixat'ion l"2D0 e C, DR 0.9) to 
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. thereby give a hollow f&Lher membrane of 255')im in outer • 
diameter and 27 pm in membrane. 

Then, an artificial lung of membrane type 
(hereinafter referred to as the artificial lung B 0 ) having 
• - a membrane area of 0..8. m 2 was constructed by- using ^his' 
hollow fiber membrane. The gas pension rates of the 
hollow fiber part of this artificial lung of membrane type 
Bo determined in accordance with the pressure method as 
defined in ASTMD1434 were as follows: Q{0 2 ) = 2.0' x lb**-' 
cm 3 (STP) / (cnv 2 ;seccra.Hg)> Q<C0 2 ) = l. 85 x 10" 3 
cm 3 (STP) / (cm 2 seccmHg) . 

The 70% ethanol flux of the^llow part sid%. pf .the 
above-described artificial lung B 0 '••(effective membrane 
area; 0.8 m 2 ) determined as in Production Example 1 was 
60.0 cm 3 / (min'm 2 ) . To examine the possibility of plasma 
leakage from the. membrane, the albumin elution was 
■ determined as iti Production Example 1. As a result, riot 
more than 10 mg/dl of albumin was leaked after perfusing 
at a flow rate of 2 L/min/m 2 under a perfusion pressure of 
500 mmHg for 6 hours while maintaining the s^tion at/a ' 
temperature bf 37*c. 

PRODUCTION EXAMPLE 3 
• Poly-4-methylpentene-l h-avihgVa melt index * 
(determined according to ASTM D1238) of 26 was melt-spun 



28 



by using a torus nozzle (diameter: 6 mm) for hollow fiber 
at a spinning temperature of 295*C, at a taking-off speed 
of 300 m/min, and at a draft of 270 to thereby give hollow 
fiber of 275 jim* in ,outer diameter .and §4 um in'membr^ne 5 " . 
thickness, m this step, the hollow fiber located from 3 
to 35 cm under the nozzle port was cooled with an air 
stream at a temperature of 25°C at a flow rate .of 1.5 
m/sec. The hallow fiber thus* obtained was contintiousJLy 
drawn in the "amorphous state at a temperature of 35°C at a 
draw ratio (DR) of 1.05 with the use of a roller system. 
Subsequently, it was heat-treated by introducing into a 
hot air-circuiatiaji tyge thermostat at 200°C at a/DR of 
1-3 and pooling therein "for 5 seconds. Next/ it was 
subjected to cold drawing (35°C, DR 1.2), hot drawing 
(150*C, DR 1.2) and heat fixation ,{200*0, DR O.'9£.to ... 
thereby give 'a 'hollow fiber membranP of 2 55 ^jL In "outer ' 
diameter and 27 urn in membrane. 

Then, an artificial lung of membrane type 
(hereinafter referred to as the artificial lunger hiving 
a membrane area of 0.8' m 2 was constructed by using this 
hollow fiber membrane. The gas permeation rates of the 
hollow fiber part of this artificial lung of membrane type 
C 0 determined in accordance with tl|e |^,essur^ method as 
defined in ASTM D1434 were as follows; Q(0 2 ) = 4.5 x 10~ 5 



cm 3 (STP)/(citi 2 -sec cmHg) , Q(C0 2 ) = 3.4 x 10" 5 
cm 3 (STP) / (cm 2 "sec'cmHg) . 

.: v The 70.% ethanpl f lux, of ^ the ji$ag.oW;p«r£ Sfde" 6f 'the 
above-described Artificials lung C 0 (effective membrane 
area: 0.8 m 2 } determined as in Production Example 1 was 
0.8 cm 3 /(min-m 2 ) . Thus, it was found out that this 
membrane had a y^ry^low ^anpirtl^^ VoH'xaiRjiie -the 
possibility of plasma leakage from the membrane, the 
albumin elution was determined as in Production Example 1 . 
As a result, not more than 10 mg/dl of albumen was leaked 
. after perfusirtg, ; at a tiov-jtt&.Si ' 2 { £/^fa* l&r a 
perfusion pressure of 500 mmHg for 6 hours while 
maintaining the solution at a temperature of 37°C. 

Using a 'porous polypropylene hollow fiber membrane 
of the open-cell type (outer diameter: 350 urn, membrane 
thickness: 40 fim) , -a.n artificial (.-D 0 X having & 

merobrarie area of 0 was' constructed. #hen v determined 

as in Production Example 1, the hollow fiber part of this 
artificial lung of membrane type D 0 showed considerably 
high -permeation gates',; eQ^^jwi^the'.-. arti£veiai* ''iung 
A 0 constructed in Production Example 1, as follows: Q<0 2 ) = 
3.7 x 10 -2 cm 3 (STP)/(cm 2 -sec-cmHgi \ Q(C0 2 )_ = 3.4 x 10" 2 
cm (STP) / (cm 2 *sec"cmHg) . 



The 70% ethanol flux of the hollow part side of the 
. above-described .art;ificia; lung D^as 239 c!jr?/ Wni 2 ). . 
Thus, it was found out that " this artificial lung". D 0 had a* 
considerably higher ethanol flux than the artificial lung 
Ao. Then the above-described artificial lung D 0 was 
subjected to the test for examinin^'JUe possibility of. • 
plasma leakage as in/Production Example 1. As a -result, 
126 mg/dl and 227 mg/dl of albumin was leaked from the 
hollow fiber packed in the above-described artificial lung 
D 0 respectively 1 houx and 6 hours^fter; the; initiation of 
the experiment. 

EXAMPLE L 

The artificial lung- (A©) obtained in Production .• - 
Example 1 was heated to 50°C with a hot air stream. Then 
the solution (I) prepared in Synthesis Example 1 was 
heated to 50°C and filled in the blopd-contact, face (i.e., 
the outer face of the hollow fiber) the artificial lung. 
After confirming that the blood-contact face of the 
artificial lung had been completely immersed in the 
solution (I), the filled solution (Z) was discharged by . 
applying nitrogen- gas pressure to" the solution. " Af ter 'V 
discharging the solution (I), the above-described 
artificial lung was dried by blowing a nitrogen gas from 
both of the inside x and outside of the artificial iimg. 
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Thus an artificial lung <A1) having a coating film of the 
solution (I) on the -blood-contact ^Sie was constructed.. 

The hollow fiber membrane packed in the above- 
described artificial lung (Al) was taken out and the 
amount of heparin fixed on the mer^rane surface (the face 
...provided with-the coating film) teas Quantified As a 
result, it could be confirmed that 30 mU/cm 2 of heparin 
had been fixed on the hollow fiber surface. The fixed 
heparin was quantified by the anti-Xa activity .method 
(i.e., quant If yingVhepar'in I^sed c-n.'the blood Singulation ' 
factor Xa inhibitory activity) with the use of a heparin 
assay kit (Testzyme Heparin™ manufactured by Daiichi 
Kagaku Yakuhin) . .. 

•The blood-coMact face (the' Outer face of the hollow 
fiber) of the above-described artificial lung (Al) was 
filled with 2 t of physiological saline and then perfused 
for 4 hours at .a flow rate of 1 at .roortt^emperafture'.. 

Next, the artificial lung was thoroughly washed' with 
distilled. water and dried so as to completely eliminate 
the physiological saline from the perfused part. Then the 
above-described artificial ^ung wa|- iiisiht^egr^ t&d an$ the, 
hollow fiber packed therein was taken out. Subsequently, 
the heparin having been fixed on the hollow fiber surface 
was quantified by the above-described method. As a : . 
result, it could.be confirmed tha% f .-2-6 mU/cm 2 of heparin • 
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, had been fixed " ; Next^the.^bove p^i^^p^^t: was 
repeated but carrying "out the perfusion with physiological 
saline for 24 hours and the heparin having been fixed on 
the hollow fiber surface was quantified. As a .result, it 

. ..could be. confirmed 'that 24 .m»/cmVo^ heparin 'hfS^beenT 

fixed. Thus, "it was confirmed that heparin was preserved 

on the hollow fiber surface even after the prolonged 

contact with sodium chloride contained in the -*«r 

■ >>V ' • 

physiological saline \ -> • > -V C 

Next, a chronic animal experiment was performed to 
examine the efficacy of the artificial lung <A1) . The 
animal employed was an adult goat weighing 44 kg. Under 
anesthesi-a, 44m%;..of fce^arin ( corresponding ' % %oVi mg of 
heparin per kg of the body weight of ' the adult goat) was 
administered in order to prevent thrombus formation due to 
surgical operation. Subsequently, the right carotid and 
the right external jugular vein were -exposed and a blood- 
supplying cannula and a blood-removing cannula were 
inserted respectively thereinto.; Next, these cannulae 
were connected to a blood circuit f©fc< a percutaneous "I"-' 
cardiopulmonary support ; (PCPS) involving the artificial 
lung (Al) of the invention integrated thereinto and 
perfusion was initiated at a blood circulation rate of 3 
L/min. During theccirculationv-periodr^no ant^^ifembotic 
treatment (administration of heparin, etc. ) was performed. 
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Although' the blood circulation with the PCPS was continued 
for 20 days, neither any decrease in the gas exchange 
capability of the artificial lung Al nor any complication 
.' caused by thrombi' {organ insuff ici|£c>/ etfc^.Ws observed 
during this period. After the completion of the 
experimental schedule over 20 days, the inside of the 
employed artificial lung (Al) was observed in detail. As 
"a result, no la p^e throinbu^':wa3\;form^d therein* ■ which 
indicated that favorable antithrombotic properties could 
be sustained. 

EXAMPLE 2 ' 
Using the artificial lung B 0 obtained in Production 
Example 2 and the solution (1) obtained in Synthesis 
Example 1, an artificial lung (Bl) . having a coating film 
of. the aboverdescribed sWiutipn (I)" on the', bloid-con tact 
face of the above-described artificial lung B 0 was 
constructed as in Example 1. On the hollow fiber surface 
of this artificial lung (Bl), 28 mUVcm 2 of heparin had 
been fixed. Then the blood-contact face (the outer face 
of the hollow fiber) of this artificial lung (Bl) was 
filled with 2 L of physiological saline and perfused with 
the physiological saline for. 4 hours and 24 houp followed 
by washing and drying as in Example 1. Thus, heparin 
having been fixed on the hollow fiber surface was 



quantified. As a result, it was confirmed that 25 mU/cm 2 
and 22 mU/cm 2 of heparin had been fixed respectively after 
perfusing for 4 and 24 hours. s 

EXAMPLE 3 

Using the artificial lung. C 0 obtained in Production 
Example 3 and the solution (I) obtained in Synthesis. • 
Example . 1, an artificial lung (CI) having a'Moating film 
of the above-described solution (I) on the blood-contact 
face of the above-described artificial lung c 0 was 
constructed as in Example 1. Qn, '.the holiou f iter -surface • 
of this artificial lung {clj';'28 mO/'c^i 2 of Wparin had 
been fixed. Then the blood-contact face of this 
artificial lung (CI) was filled with 2 L of physiological 
saline and perfused with the' ^physiological >aakpe forv4 -, ' 
hours and 24 hours followed by washing and -drying as in 
Example 1 . Thus, heparin, having been fixed on the hollow 
fiber surface was quantified. As a result, it was 
confirmed that:25* im7/ck* and 23 ^c^'bf. heparin had been 
fixed respectively after perfusing for 4 and 24 hours. 

. * . . EXAMPLE 4 
Using the artificial lurfg A 0 obtained' -i^Production 
Example 1 and the solution (II) obtained in Synthesis 
Example 2, an artificial lung (A2) having a coating film 



of the above-described solution (II) on the blood-contact 
face of the above-described artificial lun| A„ was 
' constructed as 'in Example 1.'- On the Wo£&Lb"er surface 
of this artificial lung (A2) , 25 mU/cm 2 of heparin had 
been fixed. Then the blood-contact face of this 
artificial lung (A2) was filled vi|fc .2 L o|. physiological 
saline and -.perfused withvthe/jphysioiogi^al 'Saline \ for 4 
hours and 24 hours followed by washing and drying as in 
Example 1. Thus, heparin having been fixed on the hollow 
fiber surface was quantified. As a results-it was 
confirmed, that .15 mU/cm 2 and 13 mU/cm 2 of heparin had been 
fixed respectively after perfusing for 4 and 24 hours. 

EXAMPLE 5 

Using the artificial lung Ao obtained in' Production 
Example 1 and the solution (III) obtained in Synthesis 
Example 3, an artificial lung (A3) having a coating film 
of the above-described solution (III), on .thevblod^contact 
face of the above -described artificial lung Aq was 
constructed as in Example 1. On the hollow fiber surface 
of this artificial lung (A3), 20 mU/cm 2 of heparan had 
"been fixed. Then .the blood-contact face of tht§ ' 
artificial lung (A3) was filled with 2 L of physiological 
saline and perfused with the physiological saline for 4 
hours and 24 hours followed by washing and drying as in 



Example 1. Thus, heparin having been fixed on the hollow 
fiber surface was*.quan£ified. As aV result, it -vas < 
confirmed tnat 12 mU/cm 2 and 10 mU/cm 2 of heparin had been 
fixed respectively after perfusing for 4 and 24 hours. 

' " ; 'GOMBWRAJI\J5 EXAMPLE * 1 "~ ■ 

The artificial lung A 0 obtained in Production 
Example 1 was heated to 50°C with a not air stream. Also, 
the solution (IV) obtained in Synthesis Example 5 .was 
heated to 50»C *hd thfe-f|l^d>in 'the blood^ontaet face 
of the above-described artificial lung. An artificial 
lung <A4) having a coating film of the above-described 
solution (IV) on the blood-contact face was constructed as 
in Example XrlO^y^^qil^^^^ku^SiCe: -of^is 
artificial lung < A 4), 30 mU/cm 2 of heparin had been fixed. 
Then this artificial lung (A4) was perfused with 
physiological, s41in^as : -in Exajpp£$ Next r :;hep;arin %: 
having been fixed on th% holloft fiber surface was 
quantified. As a result, it was confirmed that 0 mU/cm 2 of 
heparin had been fixed after perfusing for 4 hours. 
Namely, it was confirmed . .that:. |11 heparin oif ^fom 

the hollow fiber surface due to the contact of the 'blood- 
contact face of the artificial lung (A4) with sodium 
chloride in the physiological saline. 



COMPARATIVE EXAMPLE- 2 
The artificial lung A 0 obtained in Production 
Example 1 was heated to 50°C with a hot air stream. Also, 
the solution (V) obtained in Synthesis Example 5 was 
heated to 50X and then filled in the. blood-contact face 
of the above-described artificial lung. An artificial 
lung <A5) having a coating film of the above-described 
solution (V) on the blood-contact face was constructed- as 
in Example 1. On the hollow fiber surf ace of this 
artificial lung (A5) , a small amount (i.e., 4 mtJ/cm 2 )of 
heparin had been fixed. Then this artificial lung (A5) 
was perfused with physiological saline as in Example. 1. 
Next, heparin having been fixed on the hollow.: fiber 
surface was quantified. As a result, it was confirmed 
that 3 mO/cm 2 and 3 roU/cm 2 of heparin had been fixed 
respectively after perfusing for 4 and 24 hours. • Namely, 
it was confirmed that heparin scarcely fell off front the 
hollow fiber surface though heparin was fixed only in a 
small amount immediately after the formation of the 
coating film. 

COMPARATIVE EXAMPLE 3 
The artificial lung D 0 obtained in Production 
Example 4 was heated to 50°C with a hot air stream. Also, 
the solution (VI) obtained in Synthesis Example 6 was 



38 



heated to 50«C .and. then filled in *he blood-conta'ct face 
(the outer face of the hollow fiber) of the above- 
described artificial lung. An artificial lung (Dl) 
having a coating film of the above-described solution (VI) 
on the„blood-contact face was constructed as in Example 1. 
On the hollow fiber surface of this artificial lung (Dl), 
60 mU/cm 2 of heparin had been fixed. Then this artificial 
lung (Dl) was perfused with physiological saline,, as in 
Example 1. Next; -h^ri^h^i^b^ fixed .*otf r t& follow 
fiber surface was quantified. As a result, it was 
confirmed that 7 mU/cm 2 and 1 mU/cm 2 of heparin had been 
fixed respectively after perfusing ..for 4 and S^fcour*. 1 
Namely, it was confirmed that a considerably large portion 
of heparin fell off from the hollow fiber surface due to 
the contact of the blood-contact face of the artificial 
lung (Dl) with sodium chloride in the; physiological saline. 

COMPARATIVE EXAMPLE 4 
The artificial lung (A«) obtained in Production 
Example 1 was billed with fresh^ bovln4 ;blood" f tM- tfeole . 
blood coagulation time of which had been adjusted to 200 
sec. and then perfused with the blood at a flow rate of 1 
L/min at 37°C for 1 hour. After the completion of the 
perfusion, the artificial lung was thoroughly wished with 
physiological saline and observed. As a result, it was 
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confirmed that a large amount .jot "thrbmbiVhad adhered to 
the hollow fiber part of the artificial lung, 

Because of having a coating film comprising a blood- 
compatible composition containing an ionic cgmpj-ie-x of . 
specific ammonium salts having 4 aliphatic al-kyl groups 
attached thereto with heparin, the artificial lung of 
membrane type according to the invention exhibits 
favorable antithrombotic properties and suffer^ from 
neither thrombus formation nor plasma leakage during using 
Thus, it is useful as an artificial lung of membrane type 
usable over a long period of time. 

Wh ile the invention has been-'de'scrib©d^in : -detail and 
with reference to specific examples thereof , it will be 
apparent to one skilled in the art that various changes 
and modifications can be made therein without departing 
from the spirit and scope vthereof. \* y> i j. 



